Interaction of myosin subfragment 1 with two non-nucleotide ATP analogues.
2-[(2-Nitrophenyl)amino]ethyl triphosphate (NPhAETP) is the smallest ATP analogue that serves as a substrate for the actin-activated ATPase of myosin subfragment 1 (S1) and supports the development of active tension in skinned fibers. 2-(Phenylamino)ethyl triphosphate (PhAETP), in which the nitro group on the phenyl ring of NPhAETP is substituted by a H atom, is also a substrate of the actin-activated ATPase but does not support active tension [Wang, D., Pate, E., Cooke, R., and Yount, R. (1993) J. Muscle Res. Cell Motil. 14, 484-497]. We compared the S1-catalyzed hydrolysis of these analogues, their ability to support the formation of stable complexes with S1 and phosphate analogues, and their effect on S1 conformation. The analogues were hydrolyzed by S1 under various conditions both in the presence and in the absence of actin. In some cases, the effects of the two analogues are similar to each other and to those of ATP; they protect S1 from heat denaturation at 40 degreesC and inhibit the formation of the N-terminal 29 kDa fragment during the tryptic digestion of S1 and the modification of Lys-83 with trinitrobenzene sulfonate. However, in other cases, the effect of the two analogues is different; the effect of NPhAETP resembles that of ATP. NPhAETP and ATP decrease while PhAETP increases the rate of reaction of the SH1 thiol (Cys-707) with coumarin maleimide. The diphosphate forms of the two analogues induce a much smaller change in the near-UV CD spectrum of S1 than ADP. NPhAEDP forms stable complexes with S1 in the presence of beryllium fluoride (BeFx), aluminum fluoride (AlF4-), or vanadate (Vi) phosphate analogues, while the S1.PhAEDP complex is stable in the presence BeFx but much less stable with AlF4- and Vi. These results indicate that the S1.PhAEDP.Pi state is poorly populated during the PhAETP hydrolysis. The models of the atomic structure of S1 complexed by the two analogues show that PhAETP, unlike NPhAETP or ATP, does not form a H bond with Tyr-134 in S1, which is the probable structural reason of the lack of tension development, with PhAETP as the substrate.